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ABSTRACT

Rice husk and its modified forms have been provéectve in reducing pollutants from water and veaghter,
including metals and non metals. But, to date, dely studies have focused on landfill leachate.dfififeachates
may contain large amounts of organic matter whermaib-type constituents consist an important gragyell as
ammonia-nitrogen, heavy metals, chlorinated organid inorganic salts. Iron were found in significguantities
metal at the landfill site. This study purposestgestigate the ability of rice husk to reducenl(&e) from landfill
leachate. Landfill leachate was pumped and fillgdgkavity into the rice husk packed bed column. Efffect of
influent flow rate to adsorption capacity was s@atdiby varying flow rate of 5 mL/min and 10 mL/mifhe
effluent-influent concentration ratioAC, (%) as a function of throughput volume (L) wasdise represent the
breakthrough curve in column systems. Result shbatsthe flow rate of 5 mL/min was favorable to iasle higher
removal rates with the percentage of iron was 64%r8akthrough time, the iron effluent concentmatieached on
0.571 and 1.903 mg/L for flow rate of 5 mL/min at@l mL/min respectively.

Keywords : Rice husk, Packed bed column, Iron, Landfill lesteh

INTRODUCTION

Landfill often cause problems due to lack of mamagnt. Landfill leachate for instance, a liquid e¥his formed
by leaching process of disposal waste then peinglatr infiltrating into groundwater then to suréawater, can
contaminate groundwater, soil and surface wategoitains complex contaminants including organid¢tengboth
biodegradable and non-biodegradable carbon), anawotibgen, heavy metals, chlorine organic and ganic
salts. Iron generated by domestical and indusirgate is common heavy metal found in landfill lesteh

Thus, it is a challenge to find appropriate treaimt reduce contaminat on landfill leachate. Doeits
compelexicity contaminants, combined treatmentpbfysical, chemical, and biological have been ugualed to
improve the treatment efficiency of landfill leat®®,17]. Physico-chemical treatment has been faarm suitable
not only for the removal of heavy metals from latdéachate, but also for refining of biologicallseated leachate
[9]. Adsorption is a common method used in physet@mical treatment. This method has been studiedatch
scale experiment and column experiment [1-2, 4-8597-24].

Some findings on leachate treatment using rice lasskdsorbent has been reported. It was repotiat column
filled with rice husk can eliminate heavy metalsrtRermore, the behaviour of column in these stidigted that
adsorption capacities occurs significantly [15,2),5imilar reports related to use of rice huskadsorbent also
stated that rice husk was considerably used inrptisn process [1-4, 6,7, 11-14, 16-20, 23, 24]siBes, its local
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availability, rice husk also has high mechanicegérsgth, granular structure, chemical stability, avansolubility,
and low production cost [11].

This research was purposed to investigate thevimiraof packed bed column filled with rice huskhiesh was
designated as rice husk packed bed column to redmeeén landfill leachate. Further, the effectswarying flow
rate as determinant factors influencing the adsmgirocess were also studied.

EXPERIMENTAL SECTION

2.1. Preparation of Rice Husk

Raw rice husk was collected from local rice millKmala Selangor, Malaysia. It was firstly washetesal times
with tap water continued with distilled water tarmeve dirt particles and impurities. Then to removeisture and
impurities, it was dried at 160 for 4 hours until the weight of rice husk becocomstant. Finally, it was ground
withgrinder machine (National MK 110 food procedsamd sieved to homogenous particle size less @6@num.
Thereatfter, the sieved rice husk was preserveit tight container at room temperature to be used.

2.2. Landfill LeachateSample

Leachategenerated at Landfill of Core CompetitimmPany, “Sungai Kembong”, Semenyih, Kuala Selangas
used as leachate sample source. Sample was taketomly by grab method for several times. The atteristic
of collected leachate was analyzed immediately @ederved in refrigerator af@ temperature. Concentration of
iron was one of the highest concentration of heaeyals contained in collected leachate, as shoearlglin Table
1.

The value of pH was measured by Hanna pH meterewthéd temperature was checked by thermometer. Cab w
analyzed using closed reflux method and then medsdoy spectrophotometer. Fe was analyzed by bycthaily
couple plasma atomic electronic spectrophotomé@®-OES) (Perkin Elmer, Model: Optima 3000). Beafdre Fe
analyzing, sample of leachate was homogenized lakistp on plate stirred then filtered using Laborato
Scheleicher&Schuell model filter paper from Germauith 0.45 um pore size and 47 mm diameter.

Table 1: Composition of Landfill Leachate Sample

Parameter Unit Value Average
pH 7.15-7.98 7.74
COD mg/L 9000 - 15600 11300
Temperature °C 27 -28 27.6
Al mg/L  0.13-2.724 1.264
Cd mg/L  0.228 - 105.73 29.4
Cr mg/L  0.02 - 0.0675 0.017
Cu mg/L  0.0237 - 0.168 0.061
Fe mg/L  0.1925 - 14.428 5.622
Mn mg/L  0.065 - 0.758 0.450
Ni mg/L  0-0.586 0.121
Pb mg/L  0-0.399 0.067
Zn mg/L  0.0725- 5.92% 1.46:

2.3. Characterization of Rice Husk

Mineral composition and morphological featuregioé husk were identified by XRD, a Siemens D-58986tem
with Cu Ko radiation over @ from 5’ to 80 at a rate of 0.0%second with range of wavelength 1.5406 A and p ste
time of 2 seconds. Morphological characteristicgioé husk were examined by SEM (A Philip XL30 suiaig
electron microscope in secondary electron modeppgd with energy dispersive X-ray, JEOL6335F-SBEpan).
The presence of functional groups in rice husk vdestified by (Thermo nicolet, Model Magna 760).was
conducted at room temperature, using Pellet (pdesisk) technique and chosen spectral range of 49@00 crm'.
BET surface area, average pore diameter and tota wpolume of the supports as well as the catalystee
determined by nitrogen adsorption—desorption igsatheat 77.35K wusing the BET method in a
MicromeriticsAccusorb 2000 apparatus. Before mezsent, each sample was degassed at 473K for 4 h.

2.4. Preparation of Column

Column used in research (Figure 1) was made oértical cylindrical Perspex column with a depth56fcm and
diameter of 5 cm. The bottom of cone-shaped collnam a height of 5 cm and a divergence angle &f Tiae
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column was filled with rice husk to the certain higrhe height of filled rice husk determined thesalge of rice
husk.

Legend

_____ a. Influent wastewater tank
»T« b. Influent feed pump
10 c. Perforated plate
50 d. Overflow valve
| * e. Adsorbent
f. Perforated polymer
—> 10 g. Effluent wastewater valve
h. Effluent wastewater tank
b —
e
10
— v
f
—>

h

Figure 1. Experimental setup for column studies

The rice husk was packed and supported by two rzefd polymer. The column also supported with tedgrated

plastic plates. One was put on the top of columdistribute landfill leachate onto the surface déarbent and to
keep flow rate constant. The other one was puherbbttom of column to prevent the adsorbent freaching and
clogging into the drainage area. Leachate influgat introduced to column by BT300-2J peristaltianps

(Baoding Longer Precision Pump CO., Ltd). The ooluvas also equipped with 1 overflow valve to avbiel over

limit of sample in case the clogging and saturatioours in reactor and 1 outlet valve to collechgke. The column
was designated as rice husk packed bed column.

2.5. Behaviour of Rice Husk Packed BedColumn

Leachate was feed into column by pumping. It wantRowing down through column by gravity force.eTh
adsorption process occurs in rice husk bed whistailed in column. Experiments were done at roomptrature
(range of 28C — 27C). The effluent samples were collected in regtitae for every one hour and stored in dark
cool refrigerator for analysis. The effect of leatshflow rate to adsorption capacity was studied lmL/min and
10 mL/min.The sample was collected every one hawt more frequent than in the following days to ea#t
changes of iron concentration trend

Adsorption capacity of column was observed by hieakigh curve illustration. It was calculated froof
differences value between the influent and effluamicentration in column. The volumetric throughputreach
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breakthrough and shape of the breakthrough curgeatso used to determine the operation and thentigna
response of an adsorption column. It is normaliasdthe ratio of effluent metal concentration tceininetal
concentration (€C,) and computed as a function of time or volume fliient for a given bed depth. Effluent
volume (W) can be calculated from Edl):effluent-influent concentration ratio fCy (%) as a function of
throughput volume (L).

Ve = Qtior Eqg. (9)

Here fis the total flow time (min) and Q is the volumetfiow rate (mL/min). The area under the breaktigiou
curve (A) obtained by integrating the adsorbed eatration (Cad; mg/L) versugmin) plot can be used to find the
total adsorbed metal quantity (maximum column cappacTotal adsorbed metal quantity,ggmg) in the column
for a given feed concentration and flow raf® (s calculated from Ed2):

L Eq. (9
Qtot = = ad g. (¢

Total amount of leac 1000 1000/, Eq3):
C,0t .
My, = 0Qltot Eq. (9

Total removal is calculated from E 1000

yi
TotalRemoval(%) = drot 100 Eg. (9

tot

Equilibrium metal uptake (g in the column (or maximum capacity of the colurimylefined by Eq(5) as the total
amount of metal adsorbeddyjper gram of adsorbent (m) at the end of total flone:

— qtot

qeq T m Eq. (%)

RESULTS AND DISCUSSION

3.1.Characterization of Rice Husk

Table 2 shows physical characteristics of rice hiitle value of pH was 6.670 and bulk density wd3 D kg/nf).
The value of surface area, micropore area and otame pore of rice husk were high enough to gte\space for
storing more adsorbate molecules. In other wotds adsorption process of landfill leachate was kephing well

[6].

Table 2: Physical characteristics of rice husk

Parameer Unit  Rice hus
Bulk density kg/m 0.447
Particle size um <600
moisture content % 8.955
BET surface area iy 4.093
Langmuir surface area g 139
Micropore area fitg 2.175
Average pore diameter um 71.8
Total pore volume chfg 0.007
Micropore volume crilg 0.001
Average pH - 6.67

TheXRDplots of raw rice husk are shownRigure 2 The XRD analysisnoted that rice husk has two dnoeaks.
The peaks from 15 to 33@iffraction angles indicates the existence of arhoys silica.
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Figure 2. XRD — analysis for rice husk

This result confirms the previous report [10]. i&il existing in rice husk have significant functitm keep
adsorption process run well as reported by [12][aAdl

Morphology of the rice husk was verified with SEM g¢ertain magnificent as shown in Figure 3. Ty 3,
before (a) and after (b) adsorption process showite glifferent. The figure 3 (a) configures alignbdmps
composed mainly of silica onto the cellulose. Mehity the surface of rice husk adsorbent after guigm process
(figure 3.(b)) was fulfilled with the uptake iroeftected with the particle agglomeration onto alieat surface.

Figure 3.SEM analysis of adsorbent (a) before andj after adsorption process.

According to the results of FTIR, curve of rice hyfigure 4)emphasizes the results obtained in XRD SEM.
The peaks observed detects the presence of Si—8, S6i—C, —CH and —OH bond groups on the ricék Isusface.
The peak was observedat about 651 — 740 could be assigned to the phenyl groups C-H. ®akmround 1630
cmi' corresponds to C=0 stretch. The alkene was obsexvtite peaks of 1920 and 2030 trdther broad peaks
between 3020 and 3290 ¢rin rice husk were also observed that were attithad — OH bond. The bonds of Si-O,
Si-H, Si—C, —CH and —OH are attributed to adsompprocess [11].

3.3  Packed Bed Column Study

The raw landfill leachate was composed of iron emtiations of 4.584 and 14.427 mg/L. Iron adsorptapacity
and its removal was shown in Table 4 which was determined based on iron concentrations enteriagdtumn.

Removal of iron reached on 63.805% at flow rat® afiL/min, higher than percentage of removal obtiaeflow
rate of 10 mL/min (44.254%). It notes that lowenlrate is better in adsorption process.

The breakthrough curve of iron adsorption illustthin Figure 5 for both of flow rates also emphesithe previous
statement. The results also indicate that higtwer flate accelerates bed exhaustion. The column fleih rate of
10 mL/min, for iron and cadmium was exhausted duraged (Ce/Co > 95 %) after 46.2 L throughputuvog,
earlier than flow rate of 5 mL/min. It was discoeérthat columns clogging occurred at flow rate @hiL/min after
58.8 L throughput volume or after three days oiooh operation. For 5 mL/min flow rate, the cloggigid not
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occur even after six days of column operation. 3]i &lso reported that the clogging in his colunpemtion
reaching after 7 days operation with low flow ratde existence of biofilm which illustrate biologlcactivity
arround adsorbent surface in column assumed dighmpztct on adsorption capacity.
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Figure 4. FTIR analysis for virgin rice husk

Table 4: The total adsorbed quantity (@), equilibrium uptake (geq), total amount of metal ion through column (M) and total removal
percentage for iron adsorption from landfill leachae at RRH packed bed column

Q fot Co Sum of Grotal Cec Mot Removal
(mL/min) (min) (mg/L) integration (mg) (mg/g) (mg) (%)
5 9600 4584 6125.248 140.391 0.624 220.032 63.805
10 5880 14.427 2602.127 375.400 1.668 848.288 44.25
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Fig.5.The experimental breakthrough curves for adsgtion of cadmium from landfill leachate onto rice husk packed bed column at as a
function of throughput volume in different flow rate.

According to Table 5, at breakthrough time, théueffit of iron was reached at 0.571 and 1.903 mgrLfléw rate
of 5 mL/min and 10 mL/min respectively. Obvioudighle 5 shows only in flow rate of 5 mL/min, thileent of
iron can be reduced lower than standardized adoeptancentration of the Malaysian Environmentahl@y Act
1974 (EQA 1974) for discharge landfill leachate.iM/hat saturated condition time, the effluent raii for both of
flow rates closed to the influent of iron.
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Table 5: The comparison of influent, effluent and ireshold limit value of EQA

Flow rate 5 mL/min  Flow rate 10 mL/min

Influent(mg/L) 4.584 14.427
Effluent at breakthrough time (mg/L) 0.571 1.903
Effluent at saturated time (mg/L) 4.38 14.215
Environmental quality act 1974 (mg/L) 5 5

The breakthrough condition indicates that the hosk adsorbent could be regenerated to prevensaheated
condition which led to the increasing of final @#ht concentration [8]. It noted with the incregsof Ce/Co ratio
(>95%).

CONCLUSION

Based on the results of experiments can be contlasiéollows:

1. The rice husk packed bed column is favourable dace iron concentration from landfill leachate.

2. Flow rate has significat effects on iron adsorptiemoval. The highest percentage removal achietved a
flow rate 5 mL/min was 63.805%.

3. Flow rate of 5 mL/min has longer life span. Theusatied of column occurred faster in flow rate 10
mL/min, even in this flow rate the clogging fallafter 58.8 L throughput volume. However, at floera
mL/min, the clogging of column in was still not deted even after 6 days operation.

4. Compared to the Malaysian Environmental Quality At®74), only at flow rate of 5 mL/min, iron
concentration at breakthrought time was lower ttteat of threshold limit value of iron concentration
standardized by EQA 1974.
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